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LEFT-HANDED MEDIUM USING NO VIA 

This application is a 371 of PCT/JP2006/304184 dated 
Feb. 27, 2006. 

TECHNICAL FIELD 

The present invention relates to a left-handed medium, and 
particularly relates to a tWo-dimensional periodic structure 
medium With a left-handed characteristic achieved Without 
using a via (through hole). 

BACKGROUND ART 

A medium having properties Which do not exist in nature 
can be arti?cially structured by arraying small pieces of a 
metal, a dielectric sub stance, a magnetic material and a super 
conductive material at suf?ciently shorter spacings than a 
Wavelength (about one-tenth or less of Wavelength). This 
medium is referred to as a metamaterial in the sense of being 
beyond media in nature. The properties of the metamaterial 
vary depending on shape, material property and arrangement 
of unit particles. In particular, a metamaterial having an 
equivalent dielectric constant 6 and a magnetic permeability 
p. simultaneously shoWing a negative value has been called a 
“left-handed medium (Left-Handed Materials)”, because its 
electric ?eld, magnetic ?eld and Wave vector form a left 
handed system. In contrast to this, a normal medium having 
an equivalent dielectric constant 6 and a magnetic permeabil 
ity p. simultaneously shoWing a positive value is referred to as 
a “right-handed medium (Right-Handed Materials)”. In par 
ticular, the “left-handed medium” Was predicted by a Russian 
physicist, Veselago in 1967 to have peculiar properties such as 
so-called a backward-Wave Which is a Wave having a group 
velocity (propagation velocity of energy) having an opposite 
sign to a phase velocity (progression velocity of phase) and an 
ampli?cation of an evanescent Wave Which exponentially 
decays in a nonpropagation region. A relational region of the 
dielectric constant 6, the magnetic permeability p. and the 
medium can be classi?ed into the media of the ?rst to fourth 
quadrants, according to positive and negative values of the 
dielectric constant 6 and positive and negative values of the 
magnetic permeability u, as shoWn in FIG. 1. 
Some left-handed media have been conventionally 

invented, and representative media Will noW be exempli?ed 
beloW. For instance, a document according to D. R. Smith, W. 
J. Padilla, D. C. Vier, S. C. Nemat-Nasser, and S. SchultZ, 
“Composite medium With simultaneously negative perme 
ability and permittivity” Phys. Rev. Lett., vol. 84, no. 18, pp. 
4184-4187, May 2000 (Document 1) describes a left-handed 
arti?cial medium Which is composed of unit cells each con 
sisting of a split-ring resonator and a Wire resonator, and 
shoWs that the medium shoWs left-handed characteristics 
experimentally. The medium is referred to as a resonant type 
left-handed medium, because the structure uses the resonator. 
The medium shoWs an extremely large loss due to the reso 
nance and an extremely narroW operational band, because the 
medium can Work only in the vicinity of the resonance fre 
quency of the split-ring resonator and the Wire resonator. 
Among one-dimensional nonresonant type left-handed 

media achieving left-handed characteristics Without using a 
resonator, a medium using a microstrip line is described in a 
document according to C. CaloZ and T. Itoh, “Application of 
the transmission line theory of left-handed (LH) materials to 
the realiZation of a microstrip LH Line”, IEEE-APS Int’l 
Symp. Digest, vol. 2, pp. 412-415, June 2002 (Document 2), 
or a medium having a one-dimensional structure based on a 
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2 
coplanar Waveguide (Coplanar Waveguide: CPW) is 
described in a document according to A. Grbic and G. V. 
Eleftheriades, “Experimental veri?cation of backward-Wave 
radiation from a negative refractive Index metamaterial”, 
Journal ofApplied Physics, Vol. 92, No. 10, pp. 5930-5935, 
November 2002 (Document 3). 
The medium based on the microstrip line achieves the 

left-handed characteristics from series capacitance betWeen 
adjacent metallic patterns of unit cells and parallel inductance 
generated from vias Which connect the metallic patterns With 
a ground plane. HoWever, the medium has had a dif?culty in 
reducing the siZe of unit cells and integrating the unit cells 
because the density of the vias Which penetrate a substrate is 
restricted from a production vieWpoint. The medium also has 
had a problem of requiring a high manufacturing cost, 
because of needing not only to process a substrate surface 
solely, but also to prepare a metal Which penetrates the sub 
strate. On the other hand, the one-dimensional left-handed 
medium using the coplanar Waveguide can obtain the parallel 
inductance even Without using the via Which penetrates the 
substrate because a ground conductor is arranged in the same 
plane as a signal metal, but it has been dif?cult to form a 
tWo-dimensional medium. 

In addition, as for tWo-dimensional nonresonant type left 
handed media, a medium composed of series capacitance and 
parallel inductance produced by using an LC lumped-param 
eter element is described in a document according to V. 
Eleftheriades, A. K. Iyer and P. C. Kremer, “Planar Negative 
Refractive Index Media Using Periodically L-C Loaded 
Transmission Lines”, IEEE Transactions on Microwave 
Theory and Techniques, Vol. 50, No. 12, pp. 2702-2712, 
December 2002 (Document 4), and a distributed-constant 
type medium composed of only a metallic pattern is described 
in a document according to Atsushi Sanada, Christophe CaloZ 
and Tatsuo Itoh, “Planar Distributed Structures With Negative 
Refractive Index”, IEEE Trans. on MicroWave Theory and 
Techniques,Vol. 52, No. 4, pp. 1252-1263,April 2004 (Docu 
ment 5). Any of the media uses an inductor chip or a via 
(through hole) Which penetrate a substrate for forming the 
parallel inductance With respect to a ground plane, and 
accordingly has the above described problems. 
A medium has been knoWn Which uses a one-dimensional 

line devised so as to possess a left-handed characteristic With 

out using a via. The medium has a structure of connecting 
parallel inductance With a large-area metallic patch having a 
large ground capacitance, instead of directly connecting With 
a ground plane of a rear surface of a substrate through the via, 
and has been Well knoWn as described in a document, for 
instance, according to Atsushi Sanada, Koichi Murakami, 
Shuji Aso, Hiroshi Kubo, and Ikuo AWai, “A via-free micros 
trip left-handed transmission line”, IEEE International 
MicroWave Symposium Digest, pp. 301 -304, Fort Worth, 
June 2004 (Document 6). HoWever, the structure is not suit 
able for integration because of requiring a large-area metallic 
patch. In addition, the structure has not been extended to a 
tWo-dimensional medium. 

As described above, a conventional medium needs to pre 
pare a via (through hole) Which penetrates a substrate and 
connects the upper surface of a substrate With a ground plane 
to form an inductance, and accordingly has had a dif?culty in 
integrating unit cells because an upper limit of the density of 
the via is limited. The conventional medium also has had a 
problem of requiring a high manufacturing cost, because of 
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needing not only to process a substrate surface solely, but also 
to prepare a metal Which penetrates the substrate. 

DISCLOSURE OF THE INVENTION 

For this reason, an object of the present invention is to 
realiZe a tWo-dimensional periodic structure medium With a 
left-handed characteristic, by realizing an electrically 
equivalent parallel inductance through combining a conduc 
tor pattern formed on the upper surface of a substrate With a 
conductor pattern formed on the ground plane, Without using 
a via Which directly connects the surface of the substrate to 
the ground plane that is the rear surface of the substrate. 

In order to achieve the above described object, a left 
handed medium using no via according to a featured inven 
tion of the present application includes a substrate having a 
conductor pattern of a plurality of unit cells formed on the 
upper surface and having a conductor pattern formed on the 
loWer surface as a ground plane, Wherein the conductor pat 
tern on the upper surface of the substrate and the conductor 
pattern of the ground plane form capacitance in betWeen the 
conductor patterns, and a part of the conductor pattern of the 
ground plane and a ground portion of the ground plane form 
an electrically-equivalent parallel inductance. 
A second invention of the present application is a left 

handed medium using no via, having a structure in Which an 
upper-surface substrate having a conductor pattern of a plu 
rality of unit cells formed on the upper surface of the substrate 
and a ground plane having a conductor pattern formed 
thereon are arranged in an upper side and a loWer side With a 
space, Wherein the conductor pattern of the upper-surface 
substrate and the conductor pattern of the ground plane form 
capacitance in betWeen the conductor patterns, and a part of 
the conductor pattern of the ground plane and a ground por 
tion of the ground plane form an electrically-equivalent par 
allel inductance, characteriZed in that the conductor pattern of 
the unit cells on the upper surface of the substrate is formed of 
a rectangular metal patch, and the conductor pattern of the 
ground plane, Which faces to the conductor pattern of the unit 
cells on the upper surface of the substrate, is formed of four 
triangular metal patches combined so that each triangular 
metal patch having tWo sides separated by a ground region 
and the other side connected to a conductor is arranged so as 
to face each other at each vertex formed by the tWo sides 
Which are separated by the ground region. 
A third invention of the present application is a left-handed 

medium using no via, having a structure in Which an upper 
surface substrate having a conductor pattern of a plurality of 
unit cells formed on the upper surface of the substrate and a 
ground plane having a conductor pattern formed thereon are 
arranged in an upper side and a loWer side With a space, 
Wherein the conductor pattern of the upper-surface substrate 
and the conductor pattern of the ground plane form capaci 
tance in betWeen the conductor patterns, and a part of the 
conductor pattern of the ground plane and a ground portion of 
the ground plane form an electrically-equivalent parallel 
inductance, characteriZed in that the conductor pattern of the 
unit cells on the upper surface of the substrate is formed of a 
rhombic metal patch, and the conductor pattern of the ground 
plane, Which faces to the conductor pattern of the unit cells on 
the upper surface of the substrate, is formed of four triangular 
metal patches combined so that each triangular metal patch 
having a long side separated by a ground region and a vertex 
formed by the other tWo sides connected to a conductor is 
arranged so as to face each other at each vertex. 
A fourth invention of the present application is a left 

handed medium using no via according to the second inven 
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4 
tion or the third invention, characteriZed in that the conductor 
pattern of the upper-surface substrate and the conductor pat 
tern of the ground plane form the capacitance in betWeen the 
conductor patterns, and a part of the conductor pattern of the 
ground plane, Which faces the brim of the conductor pattern 
of the upper-surface substrate, and a ground portion of the 
ground plane form an electrically-equivalent parallel induc 
tance. 

ADVANTAGES OF THE INVENTION 

As described above, a left-handed medium using no via 
according to the present invention shoWs such an effect as Will 
be described beloW. Speci?cally, the left-handed medium 
according to the present invention can remarkably increase an 
integration degree of unit cells by giving scalability to the 
structure beyond the limitation of via density, because an 
operating frequency of the present medium can be freely 
varied by upsiZing or doWnsiZing the structure according to a 
scaling laW. In addition, the left-handed medium can reduce a 
manufacturing cost, because the left-handed medium needs 
no via and a process for producing the via can be conse 
quently omitted. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a vieW shoWing relational regions according to a 
dielectric constant 6, a magnetic permeability p. and a 
medium; 

FIG. 2 is a schematic vieW of a ?rst embodiment of a 
left-handed medium according to the present invention; 

FIG. 3 shoWs a unit cell structure of a left-handed medium 
according to a ?rst embodiment of the present invention; 

FIG. 4 shoWs a surface pattern of an upper-surface sub 
strate of a left-handed medium according to a ?rst embodi 

ment; 
FIG. 5 shoWs a pattern on the ground plane of an upper 

surface-substrate of a left-handed medium according to a ?rst 
embodiment of the present invention; 

FIGS. 6(A) and 6(B) are vieWs shoWing a conductor pat 
tern in a unit cell and a conductor pattern of a ground plane on 
an upper-surface substrate, respectively, according to a ?rst 
embodiment of the present invention; 

FIG. 7 shoWs a structure of an electrically equivalent cir 
cuit and a unit cell in a left-handed medium according to a ?rst 
embodiment of the present invention; 

FIGS. 8(A) and 8(B) shoW a Brillouin Zone and a simula 
tion result of a dispersion characteristic, respectively, of a ?rst 
embodiment according to the present invention; 

FIG. 9 is a schematic vieW of a second embodiment of a 
left-handed medium according to the present invention; 

FIG. 10 shoWs a unit cell structure of a left-handed medium 
according to a second embodiment of the present invention; 

FIG. 11 shoWs a surface pattern of an upper-surface sub 
strate of a left-handed medium according to a second embodi 
ment of the present invention; 

FIG. 12 shoWs a pattern on a ground plane of an upper 
surface substrate of a left-handed medium according to a 
second embodiment of the present invention; 

FIGS. 13(A) and 13(B) are vieWs shoWing a conductor 
pattern in a unit cell and a conductor pattern of a ground plane 
on an upper-surface substrate, respectively, according to a 
second embodiment of the present invention; 

FIG. 14 shoWs a structure of an electrically equivalent 
circuit and a unit cell in a left-handed medium according to a 
second embodiment of the present invention; and 
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FIG. 15 shows a simulation result of a dispersion charac 
teristic of a second embodiment according to the present 
invention. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

A left-handed medium according to the present invention 
has a structure in Which a via is not provided betWeen a 
conductor pattern on an upper surface and a ground plane of 
an upper-surface substrate, and the upper-surface substrate 
having a conductor pattern of a plurality of unit cells formed 
on the upper surface of the substrate and the ground plane 
having a conductor pattern formed thereon are arranged in an 
upper side and a loWer side With a space; and is characterized 
in that the conductor pattern of the upper-surface substrate 
and the conductor pattern of the ground plane form capaci 
tance in betWeen the conductor patterns, and a part of the 
conductor pattern of the ground plane and a ground portion of 
the ground plane form an electrically-equivalent parallel 
inductance. Embodiments according to the present invention 
Will noW be described in detail With reference to the draWings. 

First Embodiment 

FIG. 2 shoWs a schematic vieW of a ?rst embodiment of a 
left-handed medium using no via according to the present 
invention. Reference numeral 1 denotes the left-handed 
medium that has a periodic structure in Which an upper 
surface substrate 2 having a conductor pattern 21 composed 
of a plurality of unit cells and a ground plane 3 having a 
plurality of conductor patterns 31 formed thereon are 
arranged in an upper side and a loWer side With a space. FIG. 
3 illustrates a structure of the unit cell of the left-handed 
medium 1. The conductor pattern 21 of the upper-surface 
substrate 2 and the conductor pattern 31 on the ground plane 
3 are placed so as to face each other. 

FIG. 4 shoWs a surface pattern of an upper-surface sub 
strate 2.A unit cell has a siZe of Width (a) and length (b) shoWn 
by a dashed line, and a rectangular metal patch (gray portion) 
is formed on the surface of a dielectric substrate. On a ground 
plane 3 of a rear surface facing a conductor pattern 21 of the 
unit cells on the upper-surface substrate 2, a conductor pattern 
31 of the ground plane is formed as shoWn in FIG. 5. The 
conductor pattern 31 is formed of four triangular metal 
patches (gray portion) combined so that each triangular metal 
patch having tWo sides separated by a ground region and a 
part (c) of the other side connected to a conductor is arranged 
so as to face each other at each vertex formed by the tWo sides 
Which are separated by the ground region. 

FIG. 6 sets FIG. 6 (A) and FIG. 6 (B). FIG. 6 (A) shoWs a 
conductor pattern of a unit cell of an upper-surface substrate 
2, and FIG. 6 (B) shoWs a conductor pattern of a ground plane 
3. FIG. 6 (B) particularly includes a parameter of each sec 
tion. A vertical thin heavy line shoWs an electrically-equiva 
lent parallel inductance Which is formed When the upper 
surface substrate 2 and the ground plane 3 are arranged in an 
upper side and a loWer side With a space to compose a left 
handed medium 1, and a part of the conductor pattern on the 
ground plane 3 is connected to a ground portion of the ground 
plane. Here, the electrically-equivalent parallel inductance is 
formed on a portion in the conductor pattern of the ground 
plane 3, Which opposes to a brim of the conductor pattern of 
the upper-surface substrate 2. 

In addition, capacitance is formed in betWeen the conduc 
tor pattern 21 of the upper-surface substrate 2 and the con 
ductor pattern 31 of the ground plane 3, and plays a role as a 
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6 
series capacitance in the medium. A left-handed medium in a 
?rst embodiment according to the present invention has the 
above described structure and an electrically equivalent cir 
cuit shoWn in the structure of the unit cell in FIG. 7. The 
structure shoWs a left-handed characteristic oWing to an inter 
action betWeen both the inductance and the capacitance. 
When considering a coordinate having kx (:2J'c/7tx) and ky 

(:2J'c/7ty) (Where Xx and Ky are Wavelengths in x direction and 
y direction respectively) With respect to a tWo-dimensional 
crystal in general, as shoWn in FIG. 8 (A), a rectangular plane 
formed by —J1:/a§kx§rc/a and —J1:/a§ky§rc/a is referred to as 
the ?rst Brillouin Zone. 

Comparison betWeen a theory of the dispersion character 
istic and a numerical simulation for a three-dimensional elec 
tromagnetic ?eld of the dispersion characteristic is described 
in detail in Document 5. 
A dispersion characteristic on boundaries formed by con 

necting I“, X and M points in a Brillouin Zone Was numerically 
simulated in a three-dimensional electromagnetic ?eld on a 
value condition in Table 1 for parameters for each part in FIG. 
6 (B). The result is shoWn in FIG. 8 (B). A horiZontal axis 
represents the I“, X and M points in the Brillouin Zone, and a 
vertical axis represents a frequency. FIG. 8 (B) shoWs a rela 
tionship of a dispersion of a Wave in a crystal (relationship 
betWeen frequency f and Wave number (X:(l{x2 +ky2)l/2). A 
horiZontal axis [3 shoWs a value of Wave number [3 When k,C and 
ky are varied such that 

OEkXEJ'E/a and ky:0 in a range betWeen F and X, 
KXIJ'IZ/a and OEkyEJ'E/a in a range betWeen X and M, 
and OEKXIKyEJ'E/a in a range betWeen M and M. 

The dispersion relationship of the Wave in the tWo-dimen 
sional crystal is conventionally draWn on the [3 axis. 
A mode of transmitting a Wave With the loWest frequency 

out of the modes is in a range betWeen 7.96 GHZ and 8.02 
GHZ, and an LH (left-handed medium) mode has a negative 
gradient in the range. The fact shoWs the existence of a back 
Ward-Wave having a negative group velocity. In other Words, 
the fact proves that the medium shoWs a left-handed charac 
teristic. 

TABLE 1 

a 4.4 mm 

b 5.0 mm 

Wsmb 0.2 mm 

15ml, 2.0 mm 
Wgp 0.2 mm 
131, 0.4 mm 
ggp 0.4 mm 

Thus, the left-handed medium using no via according to the 
present invention can remarkably increase an integration 
degree of unit cells by giving scalability to the structure 
beyond the limitation of via density, because an operating 
frequency of the present medium can be freely varied by 
upsiZing or doWnsiZing the structure according to a scaling 
laW. In addition, the left-handed medium has a merit of being 
capable of reducing a manufacturing cost, because the left 
handed medium needs no via and a process for producing the 
via can be consequently omitted. 

Second Embodiment 

Another embodiment Will noW be described. FIG. 9 shoWs 
a schematic vieW of a second embodiment of a left-handed 
medium using no via according to the present invention. 
Reference numeral 1 denotes the left-handed medium that has 
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a periodic structure in Which an upper-surface substrate 4 
having a conductor pattern 41 composed of a plurality of unit 
cells and a ground plane 3 having a plurality of conductor 
patterns 31 formed thereon are arranged in an upper side and 
a loWer side With a space. FIG. 10 illustrates a structure of the 
unit cell of the left-handed medium 1. The conductor pattern 
41 of the upper-surface substrate 4 and the conductor pattern 
31 on the ground plane 3 are placed so as to face each other. 

FIG. 11 shoWs a surface pattern of an upper-surface sub 
strate 4. A unit cell 41 has a siZe of Width (a) and length (b) 
shoWn by a dashed line, and a rhombic metal patch 42 (gray 
portion) is formed on the surface of a dielectric substrate. On 
a ground plane 3 of a rear surface facing a conductor pattern 
included in unit cells 41 on the upper-surface substrate 4, a 
conductor pattern 31 of the ground plane is formed as shoWn 
in FIG. 12. The conductor pattern 31 is formed of four trian 
gular metal patches combined so that each triangular metal 
patch having a long side separated by a ground region and a 
vertex (c) formed by the other tWo sides connected to a 
conductor is arranged so as to face each other at each vertex. 

FIG. 13 sets FIG. 13 (A) and FIG. 13 (B). FIG. 13 (A) 
shoWs a conductor pattern of a unit cell of an upper-surface 
substrate 4, and FIG. 13 (B) shoWs a conductor pattern of a 
ground plane 3. FIG. 13 (B) particularly includes a parameter 
of each section. An oblique thin heavy line shoWs an electri 
cally-equivalent parallel inductance Which is formed When 
the upper-surface substrate 4 and the ground plane 3 are 
arranged in an upper side and a loWer side With a space to 
compose a left-handed medium 1, and a part of the conductor 
pattern on the ground plane 3 is connected to a ground portion 
of the ground plane 3. Here, the electrically-equivalent par 
allel inductance is formed on a portion in the conductor pat 
tern of the ground plane 3, Which opposes to a brim of the 
conductor pattern of the upper-surface substrate 4. 

In addition, capacitance is formed in betWeen the conduc 
tor pattern 41 of the upper-surface substrate 4 and the con 
ductor pattern 31 of the ground plane 3, and plays a role as a 
series capacitance in the medium. A left-handed medium in a 
?rst embodiment according to the present invention has the 
above described structure and an electrically equivalent cir 
cuit shoWn in the structure of the unit cell in FIG. 14. The 
structure shoWs a left-handed characteristic oWing to an inter 
action betWeen both the inductance and the capacitance. 
A dispersion characteristic on boundaries formed by con 

necting I“, X and M points in a Brillouin Zone Was numerically 
simulated on a value condition in Table 2 for parameters of 
each part in FIG. 13 (B). The result is shoWn in FIG. 15. A 
horizontal axis represents the I“, X and M points, and a ver 
tical axis represents a frequency. A mode of transmitting a 
Wave With the loWest frequency out of the modes is in a range 
betWeen 7.54 GHZ and 8.24 GHZ, and an LH mode has a 
negative gradient in the range. The fact shoWs the existence of 
a backward-Wave having a negative group velocity. In other 
Words, the fact proves that the medium shoWs a left-handed 
characteristic. 

TABLE 2 

a 4.4 mm 

b 5.0 mm 

Wsmb 0.1 mm 

ml, 3.1 mm 

Wgp 0.2 mm 
ggp 0.4 mm 

Thus, the left-handed medium using no via according to the 
present invention can remarkably increase an integration 
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degree of unit cells by giving scalability to the structure 
beyond the limitation of via density, because an operating 
frequency of the present medium can be freely varied by 
upsiZing or doWnsiZing the structure according to a scaling 
laW. In addition, the left-handed medium has a merit of being 
capable of reducing a manufacturing cost, because the left 
handed medium needs no via and a process for producing the 
via can be consequently omitted. 

INDUSTRIAL APPLICABILITY 

As described above, a left-handed medium using no via 
according to the present invention can be Widely utiliZed as a 
component in a device such as an antenna for an ultrahigh 
frequency radio Wave, a focus lens for a sub-Wavelength, a 
super-small resonator for use in communication, a ?lter and 
an oscillator. 

The invention claimed is: 
1. A left-handed medium Which uses no via and includes a 

substrate having a conductor pattern of a plurality of unit cells 
formed on an upper surface and having a conductor pattern 
formed on a loWer surface as a ground plane, Wherein the 
conductor pattern on the upper surface of the substrate and the 
conductor pattern of the ground plane form capacitance in 
betWeen the conductor patterns, and a part of the conductor 
pattern of the ground plane and a ground portion of the ground 
plane form an electrically-equivalent parallel inductance. 

2. The left-handed medium using no via according to claim 
1, Wherein the conductor pattern of the unit cells on the upper 
surface of the substrate is formed of a rectangular metal patch, 
and the conductor pattern of the ground plane, Which faces to 
the conductor pattern of the unit cells on the upper surface of 
the substrate, is formed of four triangular metal patches com 
bined so that each triangular metal patch having tWo sides 
separated by a ground region and a part of the other side 
connected to a conductor is arranged so as to face each other 
at each vertex formed by the tWo sides Which are separated by 
the ground region. 

3. The left-handed medium using no via according to claim 
2, Wherein the conductor pattern of the upper-surface sub 
strate and the conductor pattern of the ground plane form the 
capacitance in betWeen the conductor patterns, and a part of 
the conductor pattern of the ground plane, Which faces the 
brim of the conductor pattern of the upper-surface substrate, 
and a ground portion of the groundplane form an electrically 
equivalent parallel inductance. 

4. The left-handed medium using no via according to claim 
1, Wherein the conductor pattern of the unit cells on the upper 
surface of the substrate is formed of a rhombic metal patch, 
and the conductor pattern of the ground plane, Which faces to 
the conductor pattern of the unit cells on the upper surface of 
the substrate, is formed of four triangular metal patches com 
bined so that each triangular metal patch having a long side 
separated by a ground region and a vertex formed by the other 
tWo sides connected to a conductor is arranged so as to face 
each other at each vertex. 

5. The left-handed medium using no via according to claim 
4, Wherein the conductor pattern of the upper-surface sub 
strate and the conductor pattern of the ground plane form the 
capacitance in betWeen the conductor patterns, and a part of 
the conductor pattern of the ground plane, Which faces the 
brim of the conductor pattern of the upper-surface substrate, 
and a ground portion of the groundplane form an electrically 
equivalent parallel inductance. 

* * * * * 


